Introduction
Ultrasonography is now considered by many to be the method of choice of screening for gallbladder disease. The accuracy of this technique is claimed to exceed 90%.',2,3, However, high false positive rates of 7% and false negative rates of 15% are still reported in some series.4 '5 Since the diagnosis of gallstones by ultrasonography is often followed by cholecystectomy without further confirmatory studies, the avoidance, especially offalse positive diagnosis is important. Iffalse positive gallbladder diagnosis were to occur at the 1.5% rate reported by Allen-Mersh,5 then about 2,000 unnecessary cholecystectomies could occur in England and Wales alone, and 7,000 in the United States.
We have not been able to find any article listing the myriad of problems encountered at ultrasonographic investigation of the gallbladder and as a result we present the pitfalls and problems which we have experienced over the past eight years at our institutions and found quoted in other publications, and suggest methods to overcome these problems.
Discussion
The types of problems may be broken down roughly into three major groups: technical, anatomical and diagnostic. Technical problems relate to choice and 
Technical problems
For elective studies, the patient should be fasted for 12 hours to allow adequate gallbladder distension to aid the examination and to prevent mistaking as abnormal, the normally thickened wall of the physiologically contracted gallbladder. 6 Incorrect identification of another organ (bowel, stomach, duodenum, aorta, ligamentus teres)7 as the gallbladder will cause errors. Only the meticulous identification of landmarks such as the right portal vein and following the main lobar fissure to the gallbladder can avoid such errors. We have encountered a case of an ovarian dermoid on a long pedicle migrating to the subhepatic fossa adjacent to the gallbladder. Torsion of the pedicle led to pain and tenderness typical of gallbladder disease. Ultrasonographically, this mass mimicked cholecystitis, with 'stones' and debris which shadowed and moved with alteration of patient position.
Once the gallbladder has been located, the examiner must choose transducers with a suitable focal range. The common transducers used for abdominal examination (3.5 MHz long focus) often give poor, noise filled images of the gallbladder which may lie only 2-3 cm from the skin. Such gallbladders are adequately examined only with smaller crystal transducers of higher frequency (e.g. 5 MHz) having a focal zone at the gallbladder depth. We do not hesitate to employ high frequency linear array scanners if the gallbladder is very superficial and obscured in the main beam noise zone of the sector equipment. Alternatively with such superficial gallbladders, a standoff device may be used or the liver itself may be employed as a standoff to place the gallbladder within the focal zone of the transducer.
The absence of a distal acoustic shadow reduces the probability of an echo being a gallstone from 100% to 61 %.'°All gallstones should cast shadows irrespective of size or composition." The demonstration of such shadows is entirely dependent on an appropriately narrow beam profile, as determined by transducer selection and machine settings. Ifthe calculus can stop enough of the beam to prevent sound transmission beyond it, shadowing will occur (Figure 1 ).
The characteristics of the 'shadow' have also been utilized. A calculus' shadow is said to be 'clean' and sharply defined. This is contrasted to the indistinctly marginated and reverberation echo filled 'shadow' associated with intestinal gas.'2"3 We have found this to be a difficult sign to employ with confidence.
Failure to move the patient during the examination is another source of error. Gallstones are diagnosed most confidently if they can be shown to move during the examination by having the patient assume a decubitus or erect position.'0 We have all too frequently seen stones for the first time when they moved as the patient changed position (Figures 2a and b) .
Artifactual side lobe echoes from adjacent structures are frequently written into the gallbladder lumen where they can be mistaken for sludge or calculi.'4 Such spurious echoes are not constant as the transducer or patient are moved. The operator needs to be familiar with the artifactual echoes peculiar to his/her equipment.
There are some patients whose habitus will defeat the most skilled examiner. In such cases we recommend further gallbladder evaluation with alternative imaging techniques.
Anatomical and physiological variants
Several normal anatomical structures and variants in, and about, the gallbladder have been mistaken for disease. Similarly, varying normal physiological states may create problems.
Folds are frequently present in the gallbladder. They cause confusing echoes and they may cast shadows. '5 The junctional fold at the junction of the body and infundibulum of the gallbladder and the folds of the valves of Heister are a common source of Figure 3 A kink in the hepatic artery near the neck ofthe gallbladder creates a strong specular echo and shadow which mimic a calculus in the gallbladder neck. Views in other directions and Doppler assessment revealed its true identity. Note also that the adjacent gallbladder is filled with sludge and virtually isoechoic with the liver. It is recognized only through identification of the subtle gallbladder-liver interface line (arrows). confusion. It has been suggested that if shadowing is seen from the region of the neck of the gallbladder in the absence of dilation of the organ, then one should regard the shadowing with suspicion.'6 Such shadowing may result from sound attenuation and reflection by folds or from refractive effects seen in any area where fluid and solid interfaces coexist' (Figure 3) .
Similarly, a long narrow gallbladder folded back on itself may produce a 'septum' parallel to the long axis of the gallbladder. This may produce echoes which have been mistaken for stones.'8 A similar redundant or folded neck of gallbladder may mimic a dilated common bile duct. '9 Failure to demonstrate a physiologically distended gallbladder in a fasting patient is reported to indicate a diseased gallbladder.'0"2 In our experience, it is very rare not to be able to locate an even minute, contracted, diseased gallbladder if correct transducers and techniques are employed. We have, however, encountered gallbladders which are distended with echogenic bile that is iso-echoic with liver. This renders the gallbladder invisible until the specular echo of its wall becomes visible or a small pocket of non-echogenic bile is identified (Figure 3 der area may confirm the presence of gas, but in our experience, ultrasonography is more sensitive in detecting such small gas collections. In such cases, the examiner may be able to differentiate the less distinct echoes arising from gas as opposed to calculi'3 to reach the correct diagnosis (Figure 4) .
The specific gravity of bile may exceed that of gallstones and cause them to float. Stones may thus be overlooked as they lie in the reverberation echo filled non-dependent part ofthe gallbladder. Recognition of the characteristic shadow may be the only clue which leads to demonstration of such calculi. Bile specific gravity is increased by oral cholecystographic agents24 and floating stones should be considered if such studies have been recently performed. However, Carroll25 demonstrated that floating could occur without prior contrast administration (Figures 5a and 5b) . Stones which contain gas,26 gas and calcium27 and pure cholesterol stones22 float in normal bile. As gascontaining calculi also float, this sign cannot be used as an indication for chemotherapeutic treatment, despite the recommendation to do this. 28 The fundus and neck of the gallbladder are suboptimally examined by ultrasound. We have missed even large calculi of several centimetres impacted in both the fundus and in Hartmann's pouch. In the fundus, such stones are generally impacted behind a 'waist' in the gallbladder, possibly due to adenomyomatosis.
Because the fluid bile pocket appears to close toward the fundus, one tends to overlook the stone in the nonbile-filled fundal pouch which has the appearance of adjacent colon. It is likely that at ultrasonography, we commonly miss the small fundal thickened patch of adenomyomatosis which was easily recognized at oral cholecystography by the characteristic RokintanskyAschoff sinuses (Figures 6a and b) . Similarly, in a steeply angled gallbladder, stones in Hartmann's pouch can be difficult to discriminate from the normal echogenic valves of Heister, portal structures and adjacent duodenum. Also, the gallbladder may not always be totally included in a single axial ultrasound image. The entire organ must be scanned meticulously in at least two planes to ensure that all parts have been seen, so that such errors may be obviated.
Diagnostic errors
Thickening of the gallbladder wall to 3 mm or more has been shown to be a non-specific sign which may be present in many disorders of the gallbladder, as a response of the normal gallbladder to disease elsewhere (e.g. hypoproteinaemia, heart failure) and even in the normal patient with physiological contraction of the gallbladder.29 It should not be taken as a definitive sign ofcholecystitis in the absence ofother corroborating signs. Acute cholecystitis is not always associated with ultrasonographically detectable thickening of the gallbladder wall. This should be remembered in the sick, debilitated or post-operative patient in whom acalculous cholecystitis is sought. Wall thickening a _;:~~~~~~~~~~~~~~~~~~.! Figure 6 (a) Subtle Figure 7 Patient on intravenous feeds whose gallbladder contains a sludge case and echogenic 'sludge balls' which do not shadow. These cleared spontaneously after return to normal diet. The visible shadow results from gas in the duodenum and should not be misinterpreted to arise from the contents of the gallbladder. polyps or stones (Figure 7) . After gallbladder stimulation, they should disappear.
The wall-echo-shadow (WES) triad33 or double-arcshadow34 has been felt to be characteristic for gallstones within a contracted gallbladder. Recently a case of Bouveret's syndrome or gallstone ileus mimicking this sign has been reported. 35 The falsely positive WES sign resulted from imaging the perforated gallstone inside bowel lumen. This is an extremely rare condition but it should be considered especially in women aged over sixty who complain of upper intestinal obstruction in addition to gallbladder symptoms.
Several other disorders can give rise to appearances similar to the WES triad, namely porcelain gallbladder (Figures 8a and b) ,36 emphysematous gallbladder, milk.
of calcium bile37 or gallbladder wall microabscesses.3" Thus careful attention should be given to clearly identifying the features of the WES triad so that these other potentially more clinically significant conditions will not be overlooked. If this triad cannot be demonstrated with confidence, then a plain film of the abdomen or computed tomography may be necessary. If porcelain gallbladder is suspected, then further investigation of both the gallbladder for malignancy and the liver for metastases is indicated since there is a 22% incidence of gallbladder malignancy in this condition. 39 When echoes and shadows without definite evidence of a gallbladder wall are seen, careful atten- tion must be paid to the site of origin of the echoes. Adenomyomatosis with stones in the gallbladder wall can give this appearance. Intramural gas may give a similar appearance, but the presence of typical gas reverberation behind the echoes may help to differentiate this from calculi.' However, in the presence of a fluid-filled gallbladder such intramural gas may be confused with gas in the bowel. In the case of intramural gas, a shift in position of the patient produces a gravity-induced equivalent shift of intramural and intraluminal gas, thus helping to confirm the diagnosis.4' Indeed, a definitive diagnosis of emphysematous cholecystitis cannot be made without the aid of radiological studies.4'
The post-cholecystectomy gallbladder fossa can present confusing appearances. A history of cholecystectomy may not be elicited in patients who may have forgotten the procedure or in whom cholecystectomy was incidental to surgery being carried out for other reasons. After gallbladder removal, strong echoes with acoustic shadowing may arise from the region of the gallbladder bed. 42 In the absence of surgical clips which can cause this appearance43 it is assumed that scar collagen gives rise to these findings. Some patients have undergone surgery on the basis of this appearance. 42 The surgical removal of the gallbladder may be confirmed with a simple radiograph showing the presence of clips, but if necessary, other investigations such as endoscopic retrograde cholangiography can be undertaken.
Gallbladder cancer is not uncommonly first diagnosed at autopsy. This results from its rarity, vague symptomatology, difficulty of diagnosis and, not infrequently, from simply not considering it as a diagnostic possibility. Ultrasonographically, it can be easily missed for several reasons. It is commonly (80%) accompanied by calculi and one forgets to look beyond the initial findings. The mass may be echopoor and appear fluid-like unless gain is increased. The echoes may be interpreted as sludge. We have missed a 10cm infiltrating mass hanging from the fundus ofthe gallbladder simply because we examined only the gallbladder with real time equipment and did not appreciate the mass which extended more inferiorly and mixed into bowel and omental echoes.
One needs to remember that asymptomatic gallstones are common and that other conditions have symptoms similar to those ofthe diseased gallbladder.4 Indeed, acute cholecystitis is confirmed in fewer than 50% of patients in whom it is clinically diagnosed. 45 Ultrasonography, unlike cholecystography, allows the entire right upper quadrant to be evaluated for diseases in other organs which may be the source ofthe patient's symptoms. We stress that a request for ultrasonographic gallbladder assessment really entails examination of the entire upper abdomen and should not be confined to the gallbladder.
Conclusions
Ultrasonography provides a rapid and accurate method of evaluating the gallbladder and right upper quadrant for disease. As experience with the technique grows, we are becoming aware of pitfalls which will trap the unwary and give rise to both false positive and false negative studies. Sound anatomical knowledge, adherence to optimal technique, strict diagnostic criteria .and knowledge of the pitfalls are necessary to avoid diagnostic inaccuracy and potential patient harm. One should not hesitate to use other diagnostic modalities when there is diagnostic uncertainty or if confirmation of the findings is important.
